, один как S. arenarium (Artyukhovsky, 1967).
Introduction
Entomopathogenic nematodes (EPN) of the families Steinernematidae and Heterorhabditidae are important agents for biological control of pest insects (Erbaş et al., 2014; Hominick, 1990; Laznik et al., 2010; Laznik et al., 2011) . Th ey are widespread in diff erent biogeographic zones, excluding the Arctic and Antarctica. Th ere are more than 100 species known in both families. EPN have wide range of arthropod hosts; they infect species from all the orders of Insecta, some Isopoda (such as Armadillum offi cinalis Latreille, 1804) (Sicard et al., 2008) and mites (Ixodes ricinus L., 1758) (Hartelt et al., 2008 ). EPN's collecting and investigations is important for fi nding new highly pathogenic strains adapted for diff erent conditions and their using as biological control agents (Yan et al., 2012; Negrisoli et al., 2013; Laznik, Trdan, 2013) .
First EPN species, Steinernema kraussei (Steiner, 1923 ) Travassos, 1927 was described by Steiner in 1923 from Lyda sp. sawfl y larvae (Steiner, 1923) as a new species of the genus Aplectana Railliet et Henry, 1916 . I. N. Filipjev (1934 estabilished the new family Steinernematidae. G. O. Poinar (1976) described the family Heterorhabditidae, and since that period the number of species in both families has extremely arisen to more than one hundred species.
During three decades (from1950 till1970), entomopathogenic nematodes were studied in the agricultural nematology in the European part of the Soviet Union (Ukraine, Byelorussia and Leningrad Region of Russia) (Kiryanova and Puchkova, 1955, Veremchuk, 1969) . Four species of Neoaplectana Steiner, 1923 were described from diff erent hosts and later considered as species inquirenda or as subspecies of Steinernema feltiae (Filipjev, 1934) Wouts, Mráček, Gerdin et Bedding, 1982 or S. carpocapsae (Weiser, 1955 Wouts, Mráček, Gerdin et Bedding, 1982 (Nguyen, Hunt, 2007 .
Material and methods
Collecting and isolation of entomopathogenic nematodes. Soil samples have been collected in the nature reserves located in Dnipropetrovsk, Donetsk and Kherson oblasts and in the Crimea during the fi eld season of 2010 (fi g. 1). Th ey were taken at 5-15 cm depth in volume of 350 ml. Totally, 196 soil samples from 7 reserves were collected.
Abiotic factors of sampling sites, such as temperature and humidity were reconstructed from the archive data of Meteopost website (http://meteopost.com). Th ey were the following: Dniprovsko-Orilsky Nature Reserve -38 °C, 18 %; Chornomorsky Biosphere Reserve, Ivano-Rybalchansky Plot -38 °C, 24 %; Ukrainian Steppe Nature Reserve, "Kamyani Mohyly" -39 °C, 15 %; Karadag Nature Reserve -30 °C, 36 % (according to nearest to the Nature Reserve city, at 15.00 p. m.).
Entomopathogenic nematodes were isolated from the soil in laboratory by the baiting method with Tenebrio molitor Linnaeus, 1758. Soil samples were kept in paper bags with the last (IX-XII) instar larvae of T. molitor. Aft er the 5 days incubation, dead larvae were removed and replaced by the new batch of living larvae. Th is procedure was repeated four times. Dead host larvae were individually incubated on the White's traps until the new generation of infective juveniles (IJ) migrated to the water trap (White, 1927) .
Morphological and morphometric research
N e m a t o d e o b s e r v a t i o n. Nematode isolates were studied morphologically and morphometrically. Th e nematodes studied were heat killed in 50-60 °C TAF-solution and kept in the fi xative for 1 day. Aft er fi xation, nematodes were put into anhydrous glycerol according to Seinhorst (1959) method and mounted on permanent slides. Observations and measurements were done on Axio Imager M1 Carl Zeiss TM microscope with DIC optics at ×10 and ×40 magnifi cations. Fig. 1 . Map of Ukraine with marked areas of soil sampling: 1 -Dniprovsko-Orilsky Na ture Reserve; 2 -Ukrainian Steppe Nature Reserve, "Kamyani Mohyly"; 3 -Kazantip Nature Reserve; 4 -Karadag Nature Reserve; 5 -Crimean Nature Reserve; 6 -Chornomorsky Biosphere Reserve, Ivano-Rybalchansky District; 7 -Nature R eserve "Yelanetsky steppe".
Рис. 1. Карта Украины с указанными точками отбора почвы: 1 -Днепровско-Орельский природный запо ведник; 2 -Украинский степной природный заповедник «Каменные могилы»; 3 -Казантипский природный заповедник; 4 -Карадагский природный заповедник; 5 -Крымский природный заповед-ник; 6 -Черноморский биосферный заповедник, Ивано-Рыбальчанский участок; 7 -природный запо-ведник «Еланецкая степь». Molecular studies. DNA was extracted from a single fi rst generation female or from 10-15 infective juveniles using the DNA extraction solution consisted of 17.7 μl of dd H 2 O, 2 μl of 1x MgCl 2 TopBio TM buff er, 0.2 μl of 1 % solution of Tween-20 and 0.1 μl of proteinase K in concentration of 100 μg/ml per one sample. DNA extraction solution with nematodes was heated at 65 °С for 1 h, then at 95 °С for 10 minutes and fi nally centrifuged at 11600 rpm for 2 minutes.
Th e ITS1-5.8S-ITS2 region of the ribosomal DNA (rDNA) was amplifi ed by PCR in a Eppendorf ™ MasterCycler cycling machine using the 1 μl of supernatant from reaction of DNA extraction and 11.1 μl of PCRmix consisted of 7.25 μl of dd H 2 O, 1.25 μl of 10x TopBio TM Taq-buff er, 1 μl of TopBio TM dNTP (10 mM), 0.75 μl of each primer (18S 5' -TTG ATT ACG TCC CTG CCC TTT -3' (forward) and 28S 5' -TTT CAC TCG CCG TTA CTA AGG -3' (reverse)) and 0.1 μl of Taq DNA-polymerase (5 U/μl) per reaction according to the cycling protocol of Vrain et al. (1992) for 26S-region, with the number of internal cycles n = 40. Рис. 2. Объединённые выровненные секвенсы внутреннего транскрибируемого участка рДНК (включа-ют в себя частино фрагменты 18S и 28S генов рДНК) штаммов Steinernema.
Purifi ed PCR product in volume of 10 μl was sent to a sequencing service (Macrogen Inc.). Received sequences (fi g. 2) were compared with those deposited in the GenBank using BLAST 2.2.28 program (Megablast protocol of search) from Basic Local Alignment Search Tool (BLAST) of the National Centre for Biotechnology Information (NCBI) (Morgulis et al., 2008; Zhang et al., 2000) .
Results and discussion
Of 196 samples, only 5 isolates of entomopathogenic nematodes were recovered from the soil studied. Th ese isolates were designated as DONR, IR, KM, Kar-4, Kar-13 and came from Dniprovsko-Orilsky Nature Reserve, Chornomorsky Biosphere Reserve, Ukrainian Steppe Nature Reserve and Karadag Nature Reserve. Th e percentage of positive samples with EPN's fi nding reached 2.6 %.
In the sampling sites with EPN, the following soil type and plant species dominated: 1. DONR -highly humifi ed soil; Quercus robur L., Ulmus laevis Pall., Acer campestre Measurements of the nematodes collected are given in tables 1 and 2.
According to the BLAST, the steinernematid isolates Kar-4 (1043 bp), Kar-13 (1115 bp), KM (1018 bp) and DONR (1092 bp) shared sequence similarity of 98-99 % (Query coverage 84-95 %, E-value 0.00) with S. feltiae isolate HkEr36 (GenBank access number AB243439.1). Isolate IR (317 bp) shared sequence similarity of 93-96 % with S. arenarium (Artyukhovsky, 1967) Wouts, Mráček, Gerdin and Bedding, 1982 , with highest identity of 96 % (Query coverage 73 %, E-value 8e-52) to strain Rjazan (GenBank access number AY230160.1). Till present S. arenarium has not been found in Ukraine.
Four sequences were deposited th the GenBank database: with the following accession numbers: KF939327 for S. arenarium isolate IR, KF939328 for S. feltiae isolate KM, KF939329 for S. feltiae isolate DONR, KF939330 for S. feltiae isolate Kar-4, KF939331 for S. feltiae isolate Kar-13 (fi g. 2).
Previous studies on steinernematid fauna in Europe showed a diff erent percentage of infected soil samples per country: from minimal 2.2 % in Scotland and 5.8 % in Finland up to maximal 53.5 % in the Czech Republic (Hominick et al., 1996; Mráček et al., 1999) . Low level of EPN occurrence in North-Western Europe may be due to the cold climate and types of soil in the countries studied.
Moreover, we may explain the low level of detected EPN isolates by unfavorable period for soil sampling because the temperature is one of the most limiting factor for entomopathogenic nematodes fi eld isolation (Georgis et al., 2006) . Some authors revealed that morphometric measurements of IJ obtained from diff erent hosts and grown on diff erent nutrient media are diff erent. Th is could be explained by the diff erence in nutrients present in cultivation media (Nguyen, Smart, 1995 N o t e. All measurements are in micrometer and in the form: Mean ± SD (min-max). L -body length; W -body diameter; T -tail length; ES -distance from anterior end to end of pharynx; EP -distance from anterior end to excretory pore; NR -distance from anterior end to nerve ring; D = EP/ES *100 %; E = EP/ T*100 %; a = L/W; b = L/ES; c = L/T ; H -hyaline layer; GL -gubernaculum length; SL -spicule length; Muc -mucron; mucron length is: "+" -4-8 μm; "++"-9-12 μm; "+++"-13 μm and more).
T a b l e 2. Morphometric data of fi rst and second generation males of Steinernema strains Т а б л и ц а 2. Морфометрические параметры самцов первого и второго поколения штаммов Steinernema the diff erences observed in the morphology of S. feltiae strains can be associated with the character and amount of the fat body in T. molitor larvae, as well as with temperature and humidity of the soil during the soil sampling.
